Introduction
The knowledge economy is founded on the production, distribution and application of knowledge to human production and economic activities (Vaile 2000:1) . In a knowledge society, products and services are enriched by adding and embedding information, knowledge and ingenuity (Forsyth 1998:1, 2) .
Although information and communication technologies (ICT) serve as the technical backbone to the knowledge economy, Henderson (2000:4) argues that innovation and adaptation must also be developed to ensure the survival of a company in the knowledge economy. This also applies to all national economies.
In this article it is argued that South Africa's capability to compete in the knowledge economy depends on a range of factors other than the infrastructural backbone.
2 Capacity of developing regions and economies to compete in the knowledge economy top The United Nations Development Programme (UNDP) recently published a human development report that focussed on '[m] aking new technologies work for human development' (UNDP 2001) . In this report, the importance of technology is recognized through the creation of a new 'Technology Achievement Index' that ranks countries according to specific measures. Although the index adopts a set of dimensions that assume a broad definition of technological innovation and supportive infrastructures, it is dominated by information technology-related measures. In this index of the report (UNDP 2001: 45-49) , the following African countries are given a world ranking (number in brackets): South Africa (39), Tunisia (51), Egypt (57), Algeria (58), Zimbabwe (59), Senegal (66), Ghana (67), Kenya (68) , Tanzania (70) , Sudan (71) and Mozambique (72) . (UNDP 2001:45-49) What is quite apparent from this ranking is the marginal status of most African countries.
There are serious concerns about the current and future capacity of developing countries to harness ICT to generate and sustain their participation in global markets. Manuel Castells warns of an imminent and catastrophic fragmentation inequality, poverty and social exclusion for the southern region in the new global economy (Castells 2000) . The problem of social exclusion, which is caused by inadequate or a lack of ICT, exists between and within national contexts (Hendry 2000) . This is particularly true of South Africa, where the internal distribution of ICT access is extremely uneven.
Even in such circumstances, it is possible for South African niche industries to compete successfully in the knowledge economy. However, this very success is tempered by the continued existence of a large proportion of the population -the information poor -who still find themselves on the wrong side of the so-called digital divide. Two fundamental questions must be asked regarding a global knowledge economy. Firstly, can we assume that a global knowledge economy will eventually affect and benefit every household, even without government intervention and, secondly, if governments do intervene, what should they do and what sort of success can they expect?
Economists have questioned whether information technologies contribute measurably to economic growth -in rich or poor countries. They do, however, think that it is difficult, if not impossible, to separate the effects of technology from the political, social and economic context within which it is embedded. These concerns are merely noted here and will not be used to present an argument against competition in the global knowledge economy. It is assumed that whether prepared or not, no national economy can afford to 'delink' from global information connectivity and the knowledge economy. The only control that countries like South Africa have over their economic destinies is how they will compete.
African countries' response to the challenge of the knowledge economy
The Internet is the main medium for the knowledge economy. One of the most important claims made for the Internet is that it enables economic interaction irrespective of geographic location. According to this dictum, countries in underdeveloped regions like Africa should be able to connect and compete in the knowledge economy irrespective of their location. This is only partly accurate because it fails to give adequate recognition to a range of conditions that prevents access to the Internet and global economy, for example poverty, low economic growth, lack of foreign investments and resource scarcity. On this score, South Africa is in some ways vastly better off than the majority of other African countries, but at the same time cannot entirely escape such difficulties -as is clear from the decline of the domestic currency.
Synergies among several initiatives on a continental and regional level have 'catalyze[d] a top massive continent-wide effort to apply ICTs to greatly accelerate Africa's economic and social development' (Adam 1998:4) . This effort will be continued via Africa's five subregions. Key moments in this drive were the African Information Society Initiative (AISI), which was conceived and politically endorsed by Africans to produce a visionary statement on how Africa can make use of ICT for development.
In 1999, the first African Development Forum's key theme was 'Globalization and the Information Economy: Challenges and opportunities for Africa'. In a comprehensive document prepared for this forum, Cogburn and Adeya (1999:9) identify the importance of 'international harmonization of policy and regulatory frameworks' on policy issues relevant to the development of the information economy and electronic commerce in Africa.
The United Nations Millennium Declaration, which was adopted in September 2000, pledged the support of member nations across the globe to support Africa's efforts in combating its underdevelopment and marginalization. African leaders resolved to take joint responsibility for devising a strategy to achieve sustainable development in the 21st century. This developed into the Millennium African Recovery Programme (MAP), which was presented at the Organization of African Unity (OAU) Heads of State summit in July 2001. ICT was given priority in the programme and the document observed that 'Africa ha The research conducted by the author examined the meaning of a national information infrastructure (NII). US, Canadian and Australian sources were consulted in an attempt to build a generic model of what an NII could or should be. It was assumed that an existing and well-developed NII would indicate whether a country was ready to compete in the knowledge economy.
This framework was used to assess the readiness of the South African economy to compete in the knowledge economy.
National information infrastructure
In 1993, the announcement of the US National Information Infrastructure (NII) initiative prompted a number of countries to produce NIIs. Superficially, the notion of an NII refers to the physical facilities or equipment that are used to store, process, transmit and display data. However, the current meaning of an NII goes much deeper than this. National information infrastructures have existed for a long time and have continuously evolved with technological innovations (e.g. from semaphore and postal networks to digital forms of transmission). The major difference today, as stated by US NII (1997), is that 'we are imagining a future when all the independent infrastructures are combined. An advanced information infrastructure will integrate and interconnect the physical components in a technologically neutral manner so that no one industry will be favored over any other. Most importantly, the NII requires building foundations for living in the Information Age and making these technological advances useful to the public, business, libraries and other nongovernmental entities.'
The US view of the NII (National Information Infrastructure 1997) emphasizes that any NII depends not only on the physical infrastructure (or bitways), but also on the quality of the other elements including the: top information generated for and inside the NII; utility of applications and software; appropriateness and consistency of network standards, transmission codes and all other conventions; services to the NII (e.g. bandwidth services and consulting services); and human resources contributing to the NII (people who create information, develop applications and services, construct facilities, etc.).
In addition to the above fundamental elements, the following are also important:
Legal frameworks (intellectual property rights, protection of transactions, security, etc.) Legislation and regulation of telecommunications (Bridges. It is clear that governments have a major -though not the sole -responsibility for the implementation of a sound NII to compete in the knowledge economy. Notwithstanding the primary importance of government, the full range of players from government and civil society, including private and social institutions, must be committed for a successful, sustainable and quality NII (Forsyth 1998:2) .
South Africa's position
Given that the NII has a broad definition, this will not be useful to measure the readiness of South Africa to compete in the knowledge economy. Therefore, in this research a number of different measures were used to create as balanced a picture as possible. These included the: contribution of economic sectors associated with information or knowledge activities; telecommunications infrastructure and access; and Internet infrastructure.
Sectoral contributions to South Africa's gross domestic profit (GDP)
The knowledge economy is not going to wait for any country or individual to prepare itself for competition. The research conducted analysed current and future levels of competitiveness, while bearing in mind the challenging innovation that takes place elsewhere. top There are a number of ways to measure the contribution of knowledge-based industries and services to GDP (Vaile 2000:1) . Knowledge-based industries include ICT, biotechnology, education and financial and other business services. This is can be reflected in the production and delivery of the following: Information technology services: connectivity and systems development expertise Computer hardware and durables Consumables Software.
Alternatively, measures on the demand side, such as IT spending as a share of GDP, can be used.
Finally, there are estimates of the size of internal business to business (B2B) and business to consumer (B2C) markets. The B2C market in South Africa is valued at R3,9 billion and the B2B market at approximately R20 billion (University of Pretoria 2001:1). Another positive sign of the strength of the South African ICT sector is the success of companies in international markets, as exemplified by the listing of DimensionData, AquaOn-line and iTouch on overseas stock exchanges.
For the purposes of this article, key sectoral contributions are cited. It is clear that, unlike most African domestic economies, South Africa is no longer a resource-based economy, as the relative share of GDP by the services sector is much more significant. Overall, the tertiary economic sector accounts for 63,2% of the GDP. Of this specific sector, the technology intensive financial intermediation subsector has a 19,3% share. Manufacturing accounts for only 26% (Trade and Industrial Strategy Policies 2001). Clearly, the broad base of the South African economy has moved into more information intensive activities. The question is how competitive these activities are against international competition.
Telecommunications infrastructure and access in South Africa
Access to telephone lines and services is a fundamental requirement for competition in the knowledge economy. In the late 1990s, South Africa had a teledensity of 9.6 telephones for every 100 persons. This is a considerably better ratio than in other Southern African Development Countries (SADC). However, there are huge disparities between rich urban and poor rural dwellers' access. Teledensities range from 50 per 100 people in urban areas to 0,1 per 100 people in deep rural areas respectively. This implies that the opportunity to access the Internet, let alone participate in the knowledge economy, is unevenly distributed. It also implies that a large proportion of the South African population is excluded from the e-commerce market because it is too poor and/or lacks the necessary telecommunications access.
The Public Internet Terminal (PiT) project of the Department of Communications as well as the work of the Universal Service Agency is unlikely to overturn these conditions in a short period of time. The question is whether South Africa will be able to use new fibre-optic, wireless and satellite technologies to leapfrog the older landline technologies.
The use of satellite technologies in Africa makes a viable option where ground infrastructure is limited. The volume of Internet business in Africa is increasing and reports by IntelSat indicate that data traffic is expected to overtake voice traffic by 2005 (ITWeb 2001:1). Therefore, South Africa does have an opportunity to stay in the global race. There are a number of metrics that can be used to estimate the levels of 'e-readiness', ecommerce and communications readiness of a country. It must be stated that these measures are not necessarily definitive, but the focus of this article does not extend to discussion of measurement, validity and reliability issues.
Internet usage, bandwidth, domains and Web sites
Based on the data regarding southern Africa, South Africa is a major player with by far the largest numbers of dial-up Internet subscribers. This gives a measure of the number of individuals who use the Internet for business purposes or as consumers. In addition, there are approximately one million corporate subscribers, including a large proportion of academic users (Media Africa 2000:1). The relatively high number of Internet service providers (ISPs) suggests that there is healthy competition in the market for Internet service provision -leaving aside for the moment the monopoly position of Telkom as a first tier provider. In addition, South Africa's available bandwidth and high number of hubs also make it the best equipped country in southern Africa to compete internationally.
The prospects for South African telecommunications development are not necessarily assured. Despite the technological advances made in South Africa, optimism about growth in the information and communication technology sectors has been dampened by the monopoly over private telecommunications networks granted by government to Telkom. The business community in South Africa has voiced serious concerns regarding expensive Internet access, low bandwidth and restrictions on the use of available infrastructure. For example, there is a ban on Voice over Internet Protocol (VOIP) to protect Telkom's revenues (Worthington-Smith 2001:262) . Put bluntly, this market restriction and high cost scenario disallow competition and place cost limits on the extent to which South African entrepreneurs can enter the knowledge economy. Even though government's reason for privileging Telkom is to enable that company to roll-out infrastructure to disadvantaged areas for equity reasons, this may have a long-term negative impact on growth in ecommerce activities. About 5% of the total southern population has Internet access (University of Pretoria 2001:1). This was estimated at between 1,2 to 2 million Internet users between 1999 and 2000. The reason for such divergence lies in the varying methodologies used to calculate the statistics. This is still a small number relative to the population size. There are also indications that growth in this population is beginning to slow down. Another statistic to put the size of public Internet use into perspective is that only an estimated 46% of South Africans with Internet access are active Internet users. This is a rather low activity rate compared to statistics in the UK and US (Worthington-Smith 2001:4,5).
Table 2 Domain and Web sites
When the future of South African e-commerce is examined, several aspects must be taken into account. Firstly, being favourably geographically located, South African companies could take advantage of a growing demand from African countries for the supply of ICT hardware, connectivity and information and knowledge-related services. However, this depends on an African economic recovery as well as investment in Africa's telecommunications infrastructure. If this does not occur, it means that South Africa's ecommerce entrepreneurs will have to compete in the domestic market or solely via the Internet with markets outside of Africa.
Secondly, if one examines the strength of South Africa's internal e-commerce capability, it is clear that South Africa was one of the first countries to enter this form of activity. This is reflected by evidence that the South African .za domain name was 13th on the list of the top country level domains in 2000. The question is whether this position will be retained in the future or whether low domestic economic growth and inadequate government regulatory frameworks will cause a slowdown in e-commerce infrastructure development.
Governmental role in developing countries in facilitating national competitiveness in the knowledge economy
Governments in developing countries cannot escape from their responsibilities. Cogburn and Adeya (1999:16) observe that 'most infrastructure expenditures in developing countries are publically financed' and this situation is unlikely to change (Castells 1994:55 departments usually rely on business and industry involvement (Selwyn 1999:4) . This fact is recognized by the foundational National Information Infrastructure policy document of the United States (IITF 1994):
'Private industry will be responsible for virtually every major facet of the NII and the information marketplace it creates. Private industry will build and manage the networks, provide the information tools and much of the information that travels the networks, and develop many of the applications that use the networks.'
Governments of developing countries must look further afield for the supply of ICT requirements in this growing market, although cost considerations will also have to be taken into account.
Government policy on creating the internal environment for national access to the knowledge economy is not only confined to facilitating economic growth in this sector. Government also has the responsibility to engage with the challenge of developing and implementing an e-government vision. This can be measured in terms of: service maturity, delivery maturity and overall maturity, as analysed by Accenture in its second annual egovernment study of 2000. According to the results, South Africa has dropped to number 20 on a list of 22 countries (Business 2.0 2001:76).
Establishing long-term viability in the knowledge economy workforce through education
Information economy competencies in the African workforce have not been comprehensively explored. The paucity of skills has not been properly exposed, partly because the penetration of ICT into African economies has so far been very localized. Some of the first urgent calls for developing information technology competencies were from African universities and research and library systems (Madon 2000:86-88) . Especially the need for appropriately skilled library and information specialists were articulated strongly (Chisenga 2000) . What emerged from this work was not merely the need for high-level skills, but also the need for a schooling system that provides earlier opportunities for learners to interact with ICT. It is also clear that broadening the base of access to ICT at school level will break the current pattern where only the privileged elite benefit from technology (Madon 2000:90-101) . Furthermore, such programmes, which have the potential to counter social inequality, may similarly present the opportunity to bring about greater gender equality from the formative environment of the school. Castells (2000:4,5) emphasizes the importance of human resources for sustaining competitiveness in the global economy, arguing that 'human resources are critical … for the essential infrastructure without which technology means nothing' and, as education and technological literacy become more important development resources that are unevenly distributed, 'countries lacking these resources become locked in their backward conditions'. Cogburn and Adeya (1999:13) support this observation by argueing that inadequate human resource development is 'crippling the ability of Africans to exploit the new generation of ICTs'. Similarly, Madon (2000:99-101) observes that the 'toughest challenge' in integrating the networked economy into developing countries is 'training users'. Also, this must take place on a large scale to feel the economic benefits.
These observations apply especially to South Africa, where the preparation of its citizens for participation in the knowledge economy remains a major challenge, especially bearing in mind the disadvantages and inequities in access to education in the recent past. We must top also observe that in a global knowledge economy, the international mobility of skilled labour is of major concern to all nations, but especially in countries where this labour is in particularly short supply.
Lastly, the key challenge that faces developing countries especially regarding ICT is the balance that must be achieved between quickly acquiring globally available knowledge and creating indigenous knowledge (Madon 2000:99-101 ). This challenge is made even more complex given that the majority of the population of Africa does not and will not speak English in the foreseeable future. A major challenge is therefore to create more digital resources in indigenous languages or to ensure that appropriate access to English as the major language of the Internet is available through the education systems and for working adults.
The aims of government policies must therefore include: a) increasing educational opportunities and improving educational standards; b) changing the mindset of learners towards technologically based global entrepreneurial competition; and c) to upgrade the core ICT skills base of future cohorts of learners to improve employability (Selwyn and Brown 2000:663-675) .
Conclusion
Research found that South Africa has a number of advantages over other developing countries in having more established domestic information and knowledge industries. However, the challenge will be to sustain these developments, bearing in mind the critically important contribution of human resource characteristics, including education, ingenuity and innovation -factors that make for success in the knowledge economy.
South African leaders must bear in mind that because of the flexibility and unpredictability of the knowledge economy, there is no right way to achieving an enterprise-wide or even national competitive advantage. Castells points out that there 'is not a single necessary path that all countries must follow to the informational society' (Castells 1994:55) . Policy analysts Selwyn and Brown (2000) suggest that 'policy divergence does not reflect an evolutionary model of technological progression … but rather reflects fundamental differences in political economy. It is therefore imperative that these variations … are recognised and explored ' (2000:679) . This implies the possibility for countries such as South Africa to 'leap-frog the digital divide' (Grulke 1995:2) .
